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SUt-tt4ARY 


Ae part of a series of impact tests made to investigate the 
effects of angle of dead rise on the hydrod^mamic loads on floats 
and hulls, a prismatic -float forehody of 30 ° angle of dead rise 
was subjected to iaroacts in st'iooth water. The test runs were made 
at fixed trims of 6° and 15 ° and flight -path angles up to 20° 
under conditions where the effects of chine Immersion and after- 
body presence are small. . • , 

On a ncndimensional basis, data frcm the tests of the float 
of 30 ° angle of dead rise and similar data from tests of a float 
of 22^° angle of dead rise wei-e compared with each other and with 

values determined by axg)lication of theory. Curves are presented 
which show the variation of hydrodynamic impact loads with trim 
and flight -path angle, within the. range of conditions specified. 

A function used by ITagner is shown to srepresent the variation of 
hydrodynamic ing?act load with dead -rise angle within about 
6 percent for the range of dead-rise angle considered. 


INTRODUCTION 


In order to secure a con^romise between the good planing character 
istlcs of a flat bottom and the impact -reducing properties of a 
V-bottom, values of dead -rise angle from l8° to 25° are widely used in 
present-day floats and hulls. The uso of jet assistance for take-off 
and the trend toward decreased power loadings have reduced the 
importance of optimum planing performance as a criterion in float 
design. The problem of reduction of landing loads, however, is 
becoming increasingly critical, because of tdie use of higher wing 
loadings (and hence hi^er sinking speeds) and because of expanding 
operations under adverse sea conditions. 

One approach to the solution of this problem is an investigation 
of the variation of hydrodynamic iapact loads with dead -rise angle. 
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Accordingly, a program has been undertalcen at tho Leinglsy Impact 
basin to determine the effects of dead -rise angle on the hydrodynamic 
impact loads to which floats or hulls are subjected during landings 
in smooth water. This program is being carried out by investi^ting 
a series of Y-bottam prismatic -float forebodies at fixed trim for 
conditions at which the effects of the presence of an afterbody are 
small. The models differ from each gther primarily in angle of 
dead rise. A dead -rise angle of 22|° was the first to be investigated 

(reference 1) . 

The present paper gives in^jact-load data for a float forebody 
having a dead -rise angle of 30°. In addition, these data and similar 
data from tests of a float having a doad-rise angle of 22^° are 

compared with each other and with values obtained by application 
of theory. 

Sinoo the theoretical cvirves presented are strictly applicable 
only for impacts where the float chines are not immersed, the 
experimental data represent impacts where the amount of chine 
immersion was so small as to have a negligible effect on the loads. 
Inasmuch as previous teats have Indicated that the horizontal 
component of the impact load is relatively small for the investigated 
trims, only the vertical component of the load is presented. 

The Froudo number for most of the runs corresponded to landings 
at 70 miles per hoxnr by full-scale flying boats of gross weights 
ranging beyond those of present flying boats. The results of the 
tests are, therefore, directly applicable to Intacta of present- 
day?- full-scale seaplanes. 


SYMBOLS 


Cl rrtfty maximum load -factor coefficient 


f(P) 

A 


impact load factor (maximum hydrodynamic load normal to 
plane of wa-fcer surface divided by W) 

aspect -ratio correction factor (ratio of hydrodynamic load 
• for -bhree -dimensional flow to load for two-dimensional 
flow) 

function representing variation of hydrodynamic load or 
virtual mass with angle of dead rise for two-dimensional 
flow 

aspect ratio ■ ' ■ 

acceleration of gravity, feet per second per second 
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V resultant velocity of float, feet per second 

Vp component of float velocity par all el to lieel (assumed 

constant during a given Impact), feet per second 

W dropping veight, pounds 

y linear displacement of float measured normal to plane of 

water surface, feet 

^ angle of dead rise, radians except where noted 

7 flight -path angle measured from plane of water surface, 

degrees 

p mass density of fluid, slugs per cubic foot 

T trim (angle "between plane of water surface and keel at 

step), degrees 

Su"bscr ipt : 

o at contact 


APPARATUS 


The Langley impact "basin and the standard eq,uipraent used are 
desori"bed in reference 2. 

The model tested was the fore"body of a prismatic float having 
a dead-rise angle of 30°. Except for the angle of dead rise, the 
model was au"bstantially the same as that used in the tests of 
reference 1. The principal lines and dimensions defining the shape 
and size of the model are shown in figure 1, and the offsets are 
given in table I. 

The instruments used to measure horizontal displacement and 
velocity and vertical displacement and velocity were those described 
in reference 2. Accelerations in the vertical direction were 
measured by standard KACA aocelerometers having natural freq,uencies 
of 21 and 26 cycles per second with approximately 0.6j critical 
daaping and a range of Og to lOg. 


PRECISION 

The apparatus used in the tests gives n»asurements that are 
believed accurate within the following limits: 


Horizontal velocity, feet per second ±0*5 

"Vertical velocity, feet per second ±0.2 

Weight, pounds ■ ±2.0 

Acceleration, g, percent of reading . 0 to -10 
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The test prbgran was carried out in the Langley impact hasln 
at-fized trims of ,69. and . 15 °vul-th tlie float model loaded to^ a 
weight of lj;30 pounds . A series of jmpacts in smooth water was 
made for eacl^ of t^ two trim angles. , The flight -path angle was 
varied from about 3° to approximately 2CP to' cover the practical 
range tof-. •fli'glat-pa.th/angle.a 'for .conventional; seaplanes . Time 
histories of horizontal and vortical, velocities and vortical 
acceleration were recorded for each run. 

During all' the runs after the model had acquired the proper 
vertical velocity under free fall, a force Introducod "by the lift 
(buoyancy) engine described in reference 2 counterbalanced the 
dropping weight. Thde.,,, the .Impacts were made under conditions 
slmuJ.ating landings in which aie wing lift is sufficient to support 
the wei^t of the. airplane. A detailed description of the procedure 
' is' given in raferene'e 2. .•..•• 


.' ‘ ^ V ’ RESULTS AND DISCUSSION 

The ^ta Obtained in the' tests- are presen'fced in the form of 
impact lo^ factors in table il'^ Similar data ob'fcained from -tests 
of a float having an angle of dead. rise of 22^° are given in table III. 

, .The conditions bi! ..these 'beats ', wire s-iibh that the results axe 
.not direotiy cojsparable. . Thsy. may., however, ''be made comparable 
by applying hydrodynamic iII^ct^ lead ■fee oiy -which provides a means 
of .ponverting f'rqm gne se.t.gf conditions to another by an expression 
relating the maximum load factor -fco the vdriablos of_ which the 
effect on the load is kno-wn and to a nondimensional load-factor 
coefficient which Includes the effect of all other variables. The 
impact load factor may .'thus' be -writ-teiv as 


ni. 


■w, 


max 




P M f(P) 
g^W 


1/.3 


( 1 ) 


. In reference 1 .the -.impact- load factor n-» was explicitly 

'W’max 

related to the float -velocity and weight, -the density of the wa-bor, 
and the acceleration of gravity; and the effects of dead-rise angle, 
aspect ratio, trim, and flight-pa-th angle -were combined as the 


r 
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maximum loadrfactor coefficient C7 . Since further study has 

‘'max 

ind.icated. how the load, varies with functions of d.ead.-rise angle 
and. aspect ratio, these q.uantities may be included explicitly in 
the eq^uation for the impact load factor; the maximum load-factor 
coefficient now includes only the efi'ectfl of trim and fli^t-path 
angle . 

In order to use e^imtion (l) in the determination of the 
maximum loads on a float, tlie value of the maximum load -factor 

coefficient C7 as a function of flight -path angle and trim 
''max 

must be known throughout the range rectviired. This infornsation 
may be obtained by the solution of the equations of motion of the 
float. These equations of motion are as follows: 


3Py^(y + B)^ 


B 

C (j + Dy3^ (y + B)e^'’*^ = 1 


where 


B ^ Tp sin T 


C = 


|(yc 




B)e' 


pjt 9f(A) f(p) 
6 sin T cos^T 


and 

y ■ vertical acceleration of float at any instant, 
y vertical velocity of float at any instant. 
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Squatlon (2) is derived in reference 3 (equation (22)) where it 
appears as a force equation instead of one of acceleration and is 
applicable only for impacts in which the amount of chine iimaerBion 
is not enough to have an appreciable effect on the loads. Equation (3) 
is obtained by integrating eq-uation (2) and substituting the initial 
values of the variables for the purpose of evaluating the constant 
of integration. These equations are sli^tly different from those 
of reference 1, as they are 'derived for somewhat different assumed 
conditions^ but the method of solving them for specific conditions 
is similar to that employed in refei’ence 1. 

The variation Ci = f(T,7)j as determined by solutions of 

equations (2) and (3) ^or particular conditions^ aiay t© presented 
in the form of a series of curves of maximum load -factor coefficient 
against flight-path angle, where each curve represents a different 
trim. Point solutions were made for C7 , by the method of 

reference 1 and were used to plot the curves shown in figure 2 
for several trims and for flight-path angles from 0° to 20°. With 
ciirvas of this type and pertinent flight data, equation (l) may be 
used to determine the impact loads encountered by a float if the 
proper values of the aspect-ratio and dead-rise factors are laiown. 

The aspect-ratio coiTr^ction factor ^(a) represents the ratio 
of the forces in three-dimensional flow to those which would exist: 
in two-dimensional flow. As an empirical approximation for aspect- 
ratio losses, Pabst in reference 4 determined the factor 

1 - ^ from vibration teste of submerged plates. For a prismatic 

float at positive trim, with trieinguler immersed area, the aspect 

ratio A may be taken as r £ and the correction factor 

tan T ^ 

becomes 1 . This factor is valid where the aspect ratio 

2 tan 3 

has a value of the order of 2 or more. The geometric parameter t 
which appears in the factor is merely a part of the aspect -ratio 
correction and must not be considered to furnish the total variation 
of load with trim. . . 


The other factor f(p) represents the variation of virtual mass 
with dead -rise angle for which Wagner in reference 5 uses the 
expression ( — - I'i^. In order to determine experimental values 

1,23 J ■ . ^ r 11/3 

of the dead-rise function, equation (1) was solved for j f(3)J ' 
since n^ is proportional to the cube root of the fSuiction. 

■^max 

The aspect-ratio factor together with successive sets of data 

from tables II and III and with the theoretical values of C^ 

‘max 

corresponding to each set of test conditions, was substituted into 
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tiie resulting eg_uatlon, and valiASs of |*f(3)|^^^ v&re ccanputed. 

The avereLge of all these values for each dead -rise ajoglej vl'^ eg,ual 
■weight gl-ven to each trim condition, -was taken to he -the experimental 
■value of the function for ■that particular angle of dead rise. 


agrees ■wi^th ¥agQer's iterative 

calculations for an l3° dead -rise an^e and is conpared in figure 3 

■wl^th experimental ■values of for 22^ -and 30 ° angles of 

dead rise. The g.uantity agrees ■with the experirsen^bal values ■within 
about 6 percent and should have a siml3ar degroe of agreement for 
slight ex^tenslons of this range of dead -rise angle . The ex^tent 
of the range of dead -rise angle ■through which ■this function is 
appllcahle cannot he de^termined until experimen^tal da-ta have heen 
obtained for additional ■valvLSs of dead -rise angle. Ho'we^ver, it can 
he seen from figure 3 “that, as expected, an increase in -the dead -rise 
angle results in a considerable decrease in ■the hydrodynamic load 
encountered. 


The (Quantity 


iQs - ^)! 


In the oemperison of the esperimen^tal and theoretical data a s^budy was 
mads of "the valiies of laaximum load -factor coefficient in ■which average 
values of f(3) were used. Figure Ij- shows a conparison of the ■two 
sets of experimental data ■wl^tli each o'idier and ■with 'the theoretical 
values for ccoparahle conditions. Since the scat^ter which does 
exist may he attrihu^ted ■to experimental error, it appears that the 
maximum load-fac^tor coefficient conputed ■wi^th average ■values 
of fO) for anj- particiilar angle of dead rise is applicable’ ■wl ■thin 
•the investiga’ted range of •trim ai3d flight -path angle. 


COKCLUSIOKS 


An analysis was made of experimen’tal da’ta for fixed ■trim, 
ispacts in smooth ■water of a prismatic -float forehody having an 
angle of dead rise of 30 ° at 6° and 15 ° trim and of a similar 

float of 22g° angle of dead rise at 6° trim. These data ■were 

coapared ■with each other and with ■the ■theoretical -variation of 
the maximum load -factor coefficient and -wi-th a -theoretical dead -rise 
function. This analysis and coepariBon have resul-ted in -the following 
conclusions for fixed trim lnpacts of prismatio V-hottom floats in 
which -the effects of chine immersion and af-terhody are small: 

1. The loads encoun-te 2 red during Irpan-bs tinder the foregoing 
conditions can he predic-ted wi-tbin the limits of eaperimen-tal 
accuracy by the curves and equations presen-ted. 
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2. For each trim a single curve may "be used to represent the 
maximum loads for a vide range of impact conditions* 


3- The variation of hydrodynamic Impact load with dead -rise 
angle 3 may he represented for the range of dead -rise angle 

21^/3 

_(.23 7 J ^ 


considered hy the ftmction 


which agrees with 


the experimental data within about 6 percent. An increase in 
doad-rise angle, therefore, results in a conalderahle decrease in 
ihe loads encountered. 


Lang].ey Memorial Aeronautical Laboratory 

National Adidsory Committee for Aeronautics 
Langley Field, Va., April 2, 19^7 
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lABlE I.> OFFSETS OF LAUGLET IMPACT BASIN FLOAT MOHEt, M -2 (SEE FIG. 1 ) 

[All dlajBiisiona are in Inches] 


1 

station 

Half -breadth 

■ 

Hei^t above datum lino 

Upper and lower 
chine 

Deck 

Keel 

Upper 

china 

Lower 

chins 

Deck 

0 

0 

0.33 

23.05 

25.26 

23.05 

32.28 

2 

2.15 

1.45 

16.25 

25.71 

21.04 

32.85 

5 

k.23 

3.05 

12.52 

26.53 

22.70 

33.49 

9 

7.80 

4.58 

9.52 

26.32 

23.41 

34.19 

14 

10.31 

5-93 

6.94 

24.47 

22.18 

34.77 

21 

12.81 

7.23 

4.47 

21.62 

19.44 

35.20 

£9 

15-09 

8.15 

2.60 

19.36 

16.55 

35.27 

38 

16.86 

8.71 

1.24 

16. 4 l 

13.64 

35.27 


iS.Olf 

8.94 

.40 

14.54 

11.62 

35.27 

58 

18.87 

9.00 

0 

12.90 

10.70 

35.27 

72 

19.33 

9.00 

0 

11.58 

10.96 

35.27 

87-25 

19. M) 

9.00 

0 

11.18 

10.99 

35.27 

106.625 

19.40 

9.00 

0 

11.18 

10.99 

35.27 

120. 75 

19.40 

9.00 

— 

0 

— 

11.18 

10.99 

35.27 
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TABLE II.- TEST DATA FOE LANGLSy 

\ 

IMPACT BASUT FLOAT MODEL M-2 
[W = 1230 pounds; 3 = 30° ] 


Bun 

Teat conditions 

"max 

(e) 

T 

(deg) 

7 

(deg) 

V 

(fps) 

1 

0 

3.0 

89.0 

1.6 

2 

6 

8.2 

58.2 

2.9 ■ 

3 

6 

l4.il- 

37.2 

2.6 

h 

6 

17.4 

30.5 

2.4 

5 • 

15 

2.9 

92.6 

2.0 

6 

15 

7.9 

62.6 

3.7 

7 

15 

15.5 

35.2 

2.7 

8 

15 

16.1 

35.3 ' 

2.7 

9 

15 

16.3 

33.8 

2.5 

10 

15 

17.5 

30.9 

2.5 


TABLE III . - TEST DATA FOE LANGLEY 
IMPACT BASIN FLOAT MODEL M-1 
[W = 1040 pounds/ 3 = 22.5°] 


Eun 

Test conditions 

1 

(g) 

T 

(deg) 

7 

(deg) 

T 

(fps) 

1 

6 

1.3 

100.0 

0.8 

2 

6 

1.9 

94.9 

115 

3 

6 

2.8 

104.4' 

2.6 

4 

0 

3.6 

41.8 

0.6 

5 

6 

5.2 

41.4 

1.0 

6 

D 

5.4 

42.8 

1.3 

7 

6 

6.9 

42.2 

1.9 

8 

6 

10.2 

43.5 

3.0 

9 

6 

13.5 

45.6 

4.7 

10 

0 

—■■I 1 

13-5 

42.9 

4.4 
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4 6 S /O /a /4 

Fhqht-path ang/e at con'tcfcf, deg 






Figure <?. — Theoreficd ranotton cff load'"fbicf(or coeffictenf trifh 

fhghf-pofh cmqle at contact. 
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Fig. 3 



Figure 3. — Calculated and experimental ralues 

at dead-rice -fanct/on. 




Fig. 4 
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f^igure — Comparison of theoretical and 
experimental load -factor coefficients for 
prismatic floats of (£3-^^and 30° dead - nse 
ang/e. 




